Although nitroglycerin (glyceryltrinitrate) has been used for relief of angina pectoris for a century, the action of the drug is not yet completely understood (Brunton, 1867; Christensson, Karlefors, and Westling, 1965; Bernstein et al., 1966; Hoeschen et al., 1966; Ferrer et al., 1966; Najmi et al., 1967) .
Nitroglycerin is regarded as a "coronary vasodilator", but it is unlikely that, given sublingually, this drug could widen narrowed and calcific main branches of coronary arteries. Furthermore, no studies to date have shown any significant increase in myocardial blood flow in patients with diseased coronary arteries (Gorlin et al., 1959; Bing et al., 1964; Bernstein et al., 1966) .
Nitroglycerin has a decided effect on the arteriolar and venous beds of normal subjects, by reducing systemic arterial blood pressure, lowering vascular resistance, and decreasing venous tone (Mason and Braunwald, 1965) . Similar effects have also been demonstrated in patients with coronary heart disease studied during continuous exercise in the sitting position (Christensson et al., 1965) . These peripheral effects reduced cardiac output and stroke volume, and angina pectoris disappeared. The authors suggest that nitroglycerin may relieve angina pectoris by reducing the work of the heart. The present study with intracardiac pressure measurements was carried out on patients in the supine position to allow for calculations of cardiac work and to minimize orthostatic effects.
SUBJECTS AND METHODS
Studies were made of 18 male patients between 42 and 64 years of age; all had a history of classical angina pectoris and electrocardiographic and angiographic evidence of coronary heart disease. The studies were done as part of a thorough evaluation of their cardiac Received August 7, 1967. 4 function before carrying out an operation to improve their myocardial blood supply (Maim, 1962-63) . This evaluation included a careful medical history, electrocardiogram, estimation of heart volume (Jonsell, 1939) , exercise tolerance test (Malmborg, 1965) , and coronary angiography (Paulin, 1964) . None of the patients had signs of congestive heart failure or rheumatic heart disease, and all had a sinus rhythm at the time of study. For pertinent clinical data see Table I . The patients were studied in the morning, while in the post-absorptive basal state. The right heart was catheterized via an antecubital vein with a double lumen catheter. The brachial artery was catheterized using a percutaneous technique (Seldinger, 1953) . Cardiac output was measured with the indicator dilution technique (Wassdn, 1956) . Bromsulphalein (BSP) was injected via the right heart catheter into the pulmonary artery. Pressures were registered by inductance manometers on a four-channel mingograph*. The patients were studied in the supine position and exercise tests * AB Elema, Stockholm, Sweden. occurred within 4 to 6 minutes after the administration of the drug.
RESULTS
Measurements obtained at rest are not included in the present report, but they agree with findings from previous work (Miiller and R0rvik, 1958; Malmborg, 1965) . In two patients (No. 1 and 2), angina pectoris occurred during preparation for the exercise test, and so that measurements without and with nitroglycerin were obtained while the patients were at rest. In the remaining 16 patients the level of exercise varied between 50 and 450 kpm./min. Angina pectoris was precipitated in all patients and subjective improvement occurred in all cases after the administration of nitroglycerin.
The haemodynamic variables measured during angina pectoris and the changes after nitroglycerin are presented in Table II , together with the mean differences and significance levels.
The haemodynamics during angina pectoris are also similar to those observed in previous studies, and usually indicate acute left ventricular failure (Miller and R0rvik, 1958; Malmborg, 1965 (Fig. 1) .
DISCUSSION
The present results show that nitroglycerin given sublingually during an attack of angina pectoris in the supine position and with associated, haemodynamically proven, acute left ventricular failure effectively relieves the pain without reducing the calculated left ventricular stroke work. The myocardial function is improved, as seen by the shift of the work/pressure relation to the left, and, in the majority of cases, upwards (Fig. 2) , during unaltered exercise conditions. These findings indicate that the pain-relieving effect of the drug in the supine position could not be due to a reduction of the work of the heart, as suggested by Christensson et al. (1965) , at least not the "external" work of the heart that can be estimated from parameters that are measurable in man without undue risks.
What other mechanisms can be postulated? Active vasodilatation of the coronary arteries with increases in myocardial blood flow is not very likely, judging from previous reports (Gorlin et al., 1959; Bing et al., 1964; Bernstein et al., 1966) , and bearing in mind that vasodilatation already ought to be maximal as a result of the ischaemia. In the present study there was a highly significant reduction of the systemic vascular resistance but no attempts were made to study changes on the venous, directed away from a hypoventilated to a normoventilated lung (Arborelius, 1966) .
The results from studies in the sitting position and the present results suggest that the action of nitroglycerin varies with body position at least quantitatively. Schematically, it could be said that in the upright or sitting position nitroglycerin will take volume load away from the heart, whereas in the supine position there is a decrease in pressure load. There are thus at least two different effects of the drug, which decrease oxygen demand and also increase the oxygen supply to the myocardium, giving good experimental support for the effectiveness of the best drug for the relief of angina pectoris at rest and on exercise. (Burch, 1955; Burton, 1957; Sarnoff et al., 1958; Rodbard, Williams, and Williams, 1959; Rodbard et al., 1964) . Furthermore, the lowered filling pressure of the left ventricle, as evidenced by the pulmonary capillary venous pressure, will result in a diminished transmural pressure gradient during diastole. This will allow for improved perfusion of the myocardium, especially the subendocardial layers of the left ventricle (Salisbury, Cross, and Rieben, 1963 (Ppcv) . These changes will result in lower myocardial oxygen requirements and a lower transmural pressure gradient during diastole.
The administration of nitroglycerin also caused a small but highly significant fall in Pao2, probably as a result of changes in the perfusion of the lungs.
